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By coticidnrlnp a tyrioal ..iror.J"t    doni^n at both low suhsonlc 
and hiph sut-crsonic speeds, wtevfc Its .icrodytwnic characteristics can be 
rouf»' ly calculated by simple theory, aone indications of the nature of the 
changes in longitudinal stability nn-i trim of an aircraft to.be expeoted 
on raasine through the spe« d of sound are obtained.    It is shorn thatt- 

1 * 

(1) The lonritudinal stability will'increase at supersonic speeds by 
as nuch 1.1 O.Ude äft movement of the neutral point,    'f this, Oi255 fs due 
to aft i.iwcr.cnt of the aerodynamic centre of the main wine, and the remainder 
to the disappearance of the downwash at the tailplane and the ohanped 
slopes of viinr and tailplane lift curves. 

(2) ith present day aircraft and •'inn sections.a »osc^down moment 
must be expected OB passlnr fron subsonic to supersonic speeds.    It is 
estimated that this may require up to 7° of negative elevator to correct 
in   a tyrie-"   case.    Methods of minlnisin? this chanpe by choice of taii- 
aettinp mal of winp section arc discussed. 

(3) If this chance in elevator angle is net ap Ued by the pilot   the 
aircraft will trim at supersonic speeds at a small negative lift        ' 
coefficient-roufhly -0.1 if no chanr   in elevator anfle is .-vie. 

The majority of experiments have so far been  lade at hiph sub- 
sonic !«•••:>,  so that they examine only the l-e.riminp of these changes. 
They show, hwovcr, increase a in ' nwltudinal stability and in nose-down 
moment of UN some slim and nf the nuroo order of magnitude as would Ve 
expected from the present esti:iates. 

1.    Introduction , 

The whole ranee of Breeds of aircraft movin' throurh air oan be 
divided into three distinct rf-imes.    ftm lowost «needs   up to thr point 
«here shock-waves first appear in the '.low, have already been examined 
extensively both by experiment.« and calculation.    The hifheat speeds   wh.~ 
the How is everywhere supcreonic, Jiavc also bc-n studied a «rreat rvil    .„* 
although knowledi»e of the flow charactoi-istics is by no leans oasolete 
a fair amount of consiotcnt experimental anl theoretioal work has*be«nd 

The intermediate rer-ion, nor.r the speed of sound (sav betw..., 
:iach numbers of 0.7 and |,J) is provln-  the :,or.t difficult to^tud«   1   .w 
ex?crii-ientally anl theoretic*'ly.    By the use of hlrh-nnoed «*«* *  *    , 
and by dive tests on M* speed eirorm, the UMTU If S?. tUn?el" 
is now beinr explored.    I,ar<T chnnpe:, in the aerodmuai« oharao««,^*?1 

of aircr-^,2,  oeeaslcnally  lanrcrou, tn their^ffec?«' £ Ceff?o^l 
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Chief «none these effects, on complete   aircraft, la * lar^e laoreaae *» 
•*>«   /!«•«•   ••!   —   4«nM_a4«»   w.rtmtt-Atmin   />Klnn>   of   trllB   Of   thO   klZOFBTX   KB   •• the .Trap and en increastnr nose-down change 
Kach number increases. 

The ureaent report considers this change of tri», "hl*_*,_J*e  «.v- 
of the most dangerous features of flight at hiph Mach number, by examining vm 
difference between the lonritudinal moments of typical aircraft at *«pr 

low subsonic and very'high supersonic speeds, i.e. at the two aldea of tne 
transition region near*: = 1. It jla shown, in fact, that with currant 
designs of aircraft a nose-down trin chaw» is inevitable in thia tranaition 
region, and that appreciable negative elevator angles are required to 
counteract it. This conclusion is clearly of considerable importanoa to 
aircraft depigned to fly'at supersonic speeds, and methods of minimising the 
change are indicated. These may have sane application to the divine; of 
subsonic aircraft into the transition re,'ion, although of course the over- 
all changes essential In reaching supersonic speeds may be marked, in thia 
region, by other changes from the formation and movement of local shock 
waves. 

2«    Thin ac-rofol}. theory at subsonic and supersonic acecda 

A Ruiwnsry of Ma aerofoil theory at speeds well above and well 
below the speeds of sound IF riven In Appendices.I and II.  ;ith the 
Rotation used there, i.e. with the aerofoil extending fron x * -1 to 
x = *1, and with cos 0 • -x, the following aerodynamic characteristics at 
infinite aspect ratio or« obtained; - 

Quantity Subsonic 

Sl'ope of lift coeff- 
icient curve, *-l/6X, 

2wx   *-*- 

"•.upersonic 

1» X yrrsr 
Angle of icro lift,    ^ „rlx" ^ " cos g) "^ 
Oto |    * 

Aerodynamic centre Ouartcr chord, x = -j i Half chord, x c 0 
position 

Moment coefficient 
about aerodynamic 
centre 

irrjfe- - 
- cos 0)dB " 2/fc-l    Jß ,in 2MO 

To >\pply these cxprtrrlons to conventional aircraft,  the effects 
of the vortex system produce1 by the liftinr aerofoil have to be taken into 
account.    ;t subsonic speed!) the slope of the lift curve la reduced by the 
trailing vortices, and a downwash proportional  to the wing lift ia generated 
behind the aerofoil,    ft «supersonic speeds it his been demonstrated that 
the trailing vortex ayajtaa) is confined to two 'Mach'  cones issuing from the 
tips'.    Further, the shock waves cxteM outwards froi the aerofoil so 
far (aoeordinr to the pl-nple theory of Appendix II, they extend to infinity) 
that the downwnsh resulting fro   the boun-l vortex is extru-.oly    snail.    In 
the followinj» <--sti .atea the effeota of the voi-tex syaten at supersonic speeds 
have therefore been neplccted. 

It ir- first necessary to evaluate the expressions above for aerofoil 
characteristics, for '.:•<• special cases of ae.-j.oils in count use at present. 
This is done, for aerofoils of "conventional" and'low-ilrag"    oentre-linaa, in 
the following .<ic- tions. .   . 
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It It      Convent ioiv-q wiiy scctioj-y • 
•       •   .* • ' • • 

The rcnenl cubic centre-line considered by (Säuert.ia 
represer.t->tiv«- or the older forma ©r aerofoil; la the notation, of.  • 
Appendix I it i»ay be written:- •""»"-•'•.. 

y ^(l.-x2)^'-^- Xx)      - '."/ 

where    , h an; arbitrary connt >nt 3. •    . • *.. 

Special cases of this type of aerofoil' are obtained with X = .0. 
and X = V 7b   The first o>" these   -ivcr n circular aim centre-*i,ine;; the 
value X a   °/7 rives an aerofoil with constant, centre" of* pressure, .i.e. 
Cj,   * 0, andir cr-ployed in the aerofoil JUAiK .3-M   The. aeru6Jiraw.lt> 
characteristics of the (-Literal  cur>er anu jof'these' two'special curves   are 
fiven in Table I.    The value of h used'lr. any particular application is • 
dependent u;on the lift coefficient .;t, v.- ion the aerofoil is'required to 
operate -lost efficiently; iu :f*nln-" this lift coefficient, Cy,, a» that at 
which tin- flow is tftifentinl to the •canbcr-linc- at the leadine edre (see 
Appendix I), wc havo for the «•cncral cubic;-' * 

CJJ, = TTh (1 - £ ) at low 'ach numbers. 
f 

This lias boi n used Co express the no-lift anrate and the subsonic and 
supersonic -icnent coeffici-ntsin 7-Vrl.- T as a- function of Cyj. . 

2.2.      Low-iVa,- sections * '." - - 
In the riore modern lo>;-«ira" sections the centre-line is chosen 

to give uniform londinr. over a fraction "n" of the chord fro» the leading 
edre, the leadinr- then fallin'' off to zero at the trailing: edge.    The 
simplest oaae of this type of loadin", and the arm wost likely to be 
employed on liirh-spccd r.ircraft (because it pives the lowest exoass 
velocity on the up^er surface for* "•  -iven lift ecefficicnt), is that with 
a • 1, i.e. unifor1 loading over the /hole chord.    This requires a constant 
velocity increment, "   *U   , on th«  upper surface at the deaipn lift 
coefficient;  -i«.l it is easily shown t'r-.t the •lesion lift coefficient, C.^, 
is then 414 (at low  "rich nusiber) an<l the equation of the aerofoil ia 
riven by.- 

$L „ MM iop cot 
rY with the notation of Appendix I. 

Characteristics of this aerofoil ire nlso riven In Table I. 

2.3.      The tcrofoll with flip i 

Thi  characteristlcr of the thin aerofoil with hinged flap have 
already been calculated by Collar^' for both subsonic and superaonio 
flow.    They re ineluted in Table I in t»o for»:s; relative to a chord- 
line Joininj   loadini* an! trailing od.-ea, such rs would be used ia a 
su;>crsonlc   oub (-re Ire aerofoil havini»   a camber-line two straight 
lines at MI WJOJ ami also relative to «ho chord or the »flapped 
portion of Ute wing, a Tom which would ba applicable to control surfaces. 
Pram the nocond fcrra it in seen that the effectiveness of a control is 
much reduced at supersonic speeds, if we empöre the chonre in lift with 
chnnf-inr «-ontrol »nclc with tlie chanre with lnoidence.    For typical 
aileron an* elevator (ur m<*.ier), .ritli I  (control chord/total chord) = 0.2 
ajul 0.1- respectively, Collar rives ths  ro'.'owlnr. chaises of lift- 
eoefficl«:nt withci nxtlß  (control ancle):- 

1 
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Coeff- 
icient 

""*l%t*y' •aloe 
x/W   (infinite 
aspect ratio) 

•1upep- 
SOBi& 

Aileron • * a 2 Elector.« - 0.ft 
subsonic 
XTHF 

Surx-raonic 
x/P-F 

Subsonic 
x,/l3^ 

Superaanjc 

V 2Tf ft 6.28 ft 6.26 ft 

** • 

«2 = ZTT- U coc" /E 

*  I»/3(1-KT 
II 3.39 0.8 4.65 M, 

d< 

It will be seen that these rirurcs present n stron- case for the use of control 
surfaces 'occupyinr a   «»eh Tarter fraction of the -.aln surf-ice chord, and «von 
of nil •novinr surfaces, at supersonic and nerr-supersonic speeds. 

3. ^qnent ch.M.rcj In vaaainr through th»v spee.^ of sount 

3.1.      General re It ions for lotrltudint-l tria 

Consider new tr. aircraft «1th its CG. at k.e. behind the leadinr 
ed?e of the main chord c    It is assvaed thnt the •esjents o.' the aerodynamic 
fcrcis »round th- e.G. arc balanced by the lift on an jlt-trorin" tallplane of 
tail Volisse 

Th ch.\nrc inn 7 on passing throu^. the sp ; 1 of sound is ebtainrl as follows, 
and the   -orres/orvtin.- change in ulcvator onflc rt   oan bo obtalnni by aulflplying 
by   il   aa riven In pam.  .".? above. 

*2 

At subsonic aptci»!-, th« pitd-lnr m«r.«nt coefficient due to air forcaa 
on the main win? is fiver, by j- - 

C. %   *    <* -K •\ > wiin «vinfr lift coefficient. 

This must bo baVinoorf by the nonent .h*. to two tallplane, «hlon is at an 
lncl-loncc 

wh re a ia the slope  of Vic C.   - e(   curve for the rv-.in ^inr, andC i» the dam. 
w*sh at the tail.nl-uv duo to the win *intu " If"«'  la. the .llopc of the tail- 
plane CT   curve,  («a tallloti aoof-lci^nt ir thus  »iTvrf-. by: 

whoneo 

n, .  -Co * %     . i[^-i 

-ft) 

;« 
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Similarly at supersonic BpoLda, the toll load coefficlont Is fivsn by:- 

a.o  •   (k-^.   vrf   [c,/*  •r^]  ....(J) 

«* t)T- 5k. • c,r^s- - i.l W • •c ij 
Hera the downw&r.h at thu tailplanc has boon nc lectod, for the reason piven 
in para. 2; and the acrodynnnlc centre is assured to be at 0.3 c 

3.2.      Murocrtcal values for the trlra change In typical aircraft 

In equations (1) to (U), the values of «?    *»* c     *** those jdven 
o 

in Table I.    To obtain numerical values for the trln chanr-, It la necessary 
to substitute typical values for the remalninr quantities,    lie following 
values are representative of aircraft of to-dr.yi- 

tail volune    V   =    0.K 
tail   aspect ratio   •    3. so that a'  > J.3 per radian   ( : • 0) 
win? aspect ratio • i , so that a • U.Ü per radian (" - 0) 
dovnwash at tail £ =    1.7 n , so that ds    ,    ^QO£     (.1 > 0). 

At supersonic Btte«4a n. = a    =   SJMI   , so that it can be MK sd, w*th 

sufficient accuracy for the present rou-lv estinates, that. 

Va' Jl->r   (subsonic)    • Va*   /»^ - 1    (supersonic)   •   1.6. 

With these values of the constants, equations (2) and (O become:- 

Subsonic:      1.6<1T   *    ~1'6«^   • \   A -   ^   • C^l-)!2 [k 

Supersonic: l.oft^   * G.,|$r-1   •   Cpf-T2 - ilk 

becamei- 

it2 (k - a*y 1 

- ljk - 0.9cjjf (5) 

A slnnifipant fact in these equations is that at a fixer' value of 
C^ 1 - M* (subsonic) or ?t(4

M' - 1   (supersonic) the values of A- are 
const ant in each reri-ne, rcardluss of the actual   'ach number. 

Va* substitutinr from Table I, the chanf-e inn, is stained in 
terse of the design Cj (CJJJ) of the section, the lift cotffioient <v at 
subsonic speeds, and the lift coefficient C.    at superso- '.c spends.    To 

simplify the result, a further approximation can be mate, by v-iin» the fact 
that the -iar;in of Ion ituiinol stability at subsonic sneeds is normally 
snail.    A sufficiently representative result is obtained if k is assumed to 
be 0,1», so that the stability  lar-ln la O.CLc at subsonic speeds and 0.5c 
at supersonic snecda.    (The very larrc -vr ;in at supersonic speeds aay be 
a serious difficulty in providing r«°d control j but aay be off .-it In practice 
by the fact that the ranr* of lirt coefficient required la stnl).    With 
this assumption, the ohan'C in tailsettin* ls:- 

(1)     Circular arc ocnt'rc-llne 

A n (radians) -. -Ö.135 C^ - 0.T' C^ /?-l   • Q.OU n     ^l-M2 
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Constant P.P. ccntre-llne fajjhjll 

^ru (radians)    «    -0.166 0^,-0.5 B^/r-l • O.Ck.C^f^T 

Low-drag section centre-line. • • 1.0       ? • 

/^hT (radians) . -ai02 OIJJ - 0.5 Cr,a^-1 • 0.0* \g^^ 

Ccntre-llne two straight lines, meeting at half-chord (g • 0.3) 

AWr (»««•) - -0-159 CJJ, - 0.5 c^/Ea • aov c^/i - st2. 

(2) 

C3) 

M 

It is clear from these figures that en passing through the 
of sound a change of trim Is always to be expected on existing designs of 
aircraft, and this will always be in auch a direction (at normal lift 
coefficients, i.e. positive values of C._, 0.,, OIJ) that a •era negative 
tailsettinp or elevator ancle will be required.    Although the low-drag 
section with constant chordwise loading shows SOB» advantage over the 
reinaininr designs of aerofoil, there Is not a preat deal of diffarenos 
between them. 

A typical -ireaent-day fiphter such as Spitfire has a «tag load» 
inf. of about JO lb./sq. ft. and reaches its highest Uaoh number at about 
30,000 ft.    It is usually fitted with vin?a of conventlonM section way 
like (2) above, with a naxiraum camber of about 2. • chord, riving Oyj «0.2. 
The lift coefficient In level flight is 0.67 x 10"3.   la   , «her« Ws 

is the winr loading and p the relative pressure (0.3 at 30,000 ft).    If 
such an aircraft Is accelerated through the speed of sound, the change la 
tailscttin.   to be expected between the twe extremes of the tranaitlon 
region (say J^ • 0.71 to M2 = 1.22, so that   /l - a\*   » /if -1   • 0.71) 
will be as follows:- 

Ant(deprecs) « -2.13(fron 0,^ term) - 0,71 (from Cj   , CL  ) »2.8b..... (6) 

This applies to level flieht; the second term will be somewhat reduced In 
a dive.    IT the elevator angle to trim is sere at high subsordo speeds, 
aa is usual in aircraft designs, then a negative elevator angle of about 
-7° will be required for trim at auperaonlc speeds (using the value of 

_!   given in para. 2.3).    This change in elevator angle oan be reduced to 
*2 about -lt° by choosing the tsilsettinr SD that the elevator ang1« to trim is 
sero at supersonic speeds. 

In fact, however, an aircraft designed to achieve supersonic 
speeds will have a large winr loading (to satisfy the requirements of 
large power and low drag coefficient) and for strength reason« will 
operate at high altitude.    An aircraft with a wing loading of 50 lb./sq. ft., 
passing throurh the speed of sound at 40,000 ft., will have C.    » 0.36 
at H, - 0.71, Cj- » 0.12 at V.2 a 1.22.    ' ith a wing Motion   ** 
Of type (O above, the chanM in tnilse'tinj- required will be 

^7T • ~9'1 Cl-*1 " X'9 <to'Te*a*   <• .....(7) 

Thus with a design C^ of on"y 0.1, elevator angles of -7° (supersonio) 
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or +U° (subsonic) will be require.i as ebevo.    liven with sysMStrlosl wing 
sections, a chance equivalent to It.6 Octrees of elevator at «upersonlo 
or 2.6 degrees at subsonic speeds. Is necessary,   . 

The above rou?h estimates have neglected the,infi uenc« of «he fuselage 
en . ' :chlne manents, to simplify the picture'.    In fact, however, the fuselage . 
Is '.v-t expected to modify greatly the values ot£jkL estimated.in (•) •** (?)• 
It will be seen fron Table I that In *11 the unreP.exed »•rjfpjffl   I.e.  all 
aerofoils except the constant C.P. type, the Woe of C^/l - If in subsonic 

flow differs only slightly from the value of C.t J& - 1 In supersonic flow. 

Thus In equations(5), the change In V^ due to change tn C,,   1» usually 

nerl»gible compared with that due to changes' In no-lift angle  O^, and in 
aerodynamic centre.    The same is likely to hold true In the aase of the fuse- 
lage. 

«a      Reduction of the che-nre in trig 

Same methods 0r rcduolng the change in elevator angle to trta in 
? easing through the speed of sound are obvious fron the result* of fan*}, 
t is clear,Tor Instance, that a smaller ehanee in elevator angle is required 

if the tallsettinp is chosen to (rive tero elevator   at supersonlo speeds, rat! 
than at high subsonic speeds.   This implies that the elevator angle should be 
about +3 or -fit. degrees at speeds Just below the shock-stall. 

I 
Instsn**, 

Modification of the wing section to reduce the trim «hangs is alee 
possible] but here care is necessary to ensure that such modification < 
conflict with other requirements.   Proa the strength point of view, fa 
It 1B clear that the tail load should be as snail as possible th* 
that each side of equations (l) and (J) should be reduced to th* 
possible value.    Further, aa will be discussal in more detail in para.5, the 
beginning of the transition region is marked by the formation of shook waves 
on both upper and lower aurfaces, and these probably haw* the smallest effeot 
on trim when the wine Incidence is very^near the design angle etj (Appendix I), 
i.e. when the lift coefficient is 

7f*T* 
?or this reason, although equations (5) - (7) show that th* 

change 4*. can be red-.cod to zero by deslming the in in wing section with 
nerntivecnnl-er,  so that CJJ   a -0.07 (equation (6)) to -Q. Zl (equation (7)), 
yet this is not recommended.    It would conceivably lead   o a strong initial 
chnnre of trim on reaching ahockstalllne speeds, disappearing later ss the 
aircraft aocclerated to hirher Mach number». 

Of the three requirements for which the wing section must be 
designed, vis:-    (a) aero trim ehanee, AOr • °. ' 

fb) smallest possible tall lead, 
(c) deaign lift coefficient Qrj, appropriate to beginning of 

shock-stall, 
the best solution of (*i and (b) only is that dving negative CJ-J for this 
will result in positive values of J-.^, which will offset the usual negative 

moment from the fuselage.    A solution of (a) and (e) only can be obtained, for 
any family of aerofoils, by ohooslnr the parameter» of the family to satisfy 

a 0 in equations (5) with the appropriate value* of Ct.,, C,    in torn* Of *1* *•% 

I 
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For exanplc, if tho tri» chance Is to be Mr* between M^ • 0.71 

and :;2 • 1.22, and C,    at m\ - 0.71 i«-to be.cajaal w»]j 

equations (5) five, with k « O.J»t* " r_ 

i.6A^oXe^fS&l   |||f -[^e/Ty:^«<L;.o 
« •  • 

-o-12?^      * —— '"" W . . ^^ •     •    • • 
A» C^,    u.1 ft^ /xre proportion! to Cyj, thi» equation piT««. a.otntrwrllJ» 

shape, the ordinntes of «hioh are directly fStspintlonal tofc^j). ' If a Ottbto 
form la chosen, this equation booanee, with the notation of Table X i- . 

which gives A • ?.V5.    The corresponälnp section la qalte wumml, with 
a reflexed leading edge Instead of the nor« usual reflexed trail lag ads«.    Zt 
la undesirable because of a very larpa tell load at subsonic spa«da 

- -l.Jx Cyj) although at supersonlo speeds tola reduces to 
a normal value - Table I sheas that at supersonic speeds &.   la the 
all members of the cubic family. • 

for 

f 
The above discussion is sufficient to indicate that tharo la 

considerable scope for the design of aerofoils which «HI permit of 
transition from subsenlo to superaonlc speeds In flight« I.e. which «HI 
permit the requirements of small tall-loads, soro tri» change fron sunseult 
to supersonic speeds, and smallest peaslbl« disturbance of trim during the 
transition period, fee be mutually satisfied. 

5.      Comparison with experimental results 

As stated in para.1, oxperlnanta up to the present have baan 
" subsonlo largely concentrated on the region of 

Just forming, I.e.  on the lower boundaries of the transition region.    I* la 
of Interest to observe, however, thatthe chances vhleh the aber« alaal« 
theory would Indicate, through the transit Ion region, are already going found 
In practice.   Thus it has baan demonstrated on several aircraft* that at 
Haoh ratebere «ell above the orltloal Uaoh nvaiber at which shook installing 
flrs\ oeeura, there la a pronounced aaaa qusn el ,of pitching : 
requiring several degrees of negativ« elevator to oorraet.    Flg.1 
the change in elevator actually found in the initial abook-atalllag period 
with the predicted change over the «hole transition region.    The indications 
are that .the change may actually be greater, at sane stage 'near Mel than 
the final supersonic value. 

Occasionally dives have been aade on present-day äiroraJt In whloh 
the pilot's strength «as insufficient to counter the trim ohang«. .Although 
very few records arc available of suoh flights, for obvious reasons, the 
pilots describe the aircraft ar apparently adopting an attitude -giving a 
negative lift coefficient - this Is deduosd fron the negative "a" and fron 
the fact that loose object« fly up above the pilots* .heads. This tandewy' 
to trim at negative lift Is in accord «1th the dedusttons above» in fast the 
aircraft considered in equation (6) would trim itself. If no ohanga in. 
elevator angle were isnde, at .1 lift coefficient of -0,13 at supersonic speed«. 

a final -x>int shown by the experimental evidence from high-«peed 
tunnels is the very pronounced Increase in longitudinal stabilIty «hioh 
aoeospanlcs the st-.oek-stall.    .Vooordinr to para.}.2   an Increase in stability 
equivalent to 0.V6 5 movement of the neutral point la to be expected at 
siEieraanlc speed» j 0. *""> 5 due to aft aoveaent of the aerodynamic centre    and 
the remainder fron the   ^lsapoonrnnce of the dowrnmsh at the tailplane and the 
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chonrcil slopes of the vbv unrl tallplane Hft curves.    Increases In 
stability oquiv^.lunt to 0.26 S aft   .ovci.-.ont of tho neutral point ha»e ^ 
already bcin obsunreri on a ^"ohoon aodc7  l». the hAA, hl»J« speed tunnel 
at a Vnch r.umbcr of 0.75, ra»! i-ven freatr" nown-.-nts hwe boon found on 
a UpitfiroV nodol. 

Those fact» su^-xst th.it In roite of the extrsnoly ocnplex 
nature of the flow in the tmiisitlen r- Ion near !I • 1, lonjritudinal 
stability and trim livwe:' on the aircraft arc pmcrally of the OHM alfji, 
am', of the awn; order of rwnitutle, as nlirht be expected If steady transition 
from subr.onic to supersonic flow were t-*>inr place. 

, 
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Purvey of compressibility effoots In aero- 
nautics.     "UAtM,   :cp«rt "•'". Aero 1725« 

Iirar an'! tria chanpos on Spltfiro, Muatanr 
aitf Thunderbolt in fliirht at htrh Itach 
numbers.     I. I. aa  " c-<ort "o.   \oro 1906. 
January, 1VU. 

bit tracer»1.    irbelflKrh. ala Hliramittol sur 
charul'un     kr. cVcnen   TOblamzi der 

Trafflucv Ithoorie -   *«:*.. 1923. 

-• '.le.-.iions to aeronautics of Ackeret*s theory 
of icrofoils novinr at speeds   -reater than 
that of sound.     \ f 1.  1U7,    April, 1932. 

Aerofoil tl'tary at Bupursonlc vt-loclties. 
'AiftfnhrtiVruohunr   V i.li.'Hu.lu. 

Theoretical forces and • encntr on a thin 
aerofoil with Hnc«' flnp at supersonic speeds. 
"'..•..£.  Report To.   "21.3*73. 

Klph r.pur.   fit» tunnel testa on n nodel of 
Typhoon I.    V\.U. Sopor' '1B,   \ero 1815. 

:*irh a c .- wind tunnel tests on the Spitfire 
I.    "..'..::.    eport No. Mvo 1610. 
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APPfflPIXI 

Thin aerofoil theorr - subsonio srtoods 

Following Birnbaia»*. w» represent the aerofoil by a our»» In 
the (x, y) plan* extending from (-1, 0) to («1, 0).   Aaauaiag «bat y u 
•nail, and' that the now around the aerofoil la that produced by a 
distribution of vorticlty along the aerofoil 

JÖS1   ,2 "* •in n 6 (1) 

«here V la the speed of flight 
and COB 0 » -x, 
than the disturbance velocitlea produoad by the acrofc'l at lta 
are riven by «0 

along x axia: • *   «4. -^^51   -   2, A   ein n •   (• for •W"\l 

-T      z    V ~r   " - for lower) 

parpendiaular to x axle: ooa n • . 

The circulation distribution (1) la only possible If the flow 
la tangential to th. ncrofoil surface at the Icadla*. odgef this require» 
the atreain Telocity V to hare an initial angle (^ to tlw I axla, 
{Iren byj- 

•<1 i  J« da. («) 

This angle la usually oalled the optlaua angle of Ineldenee for the aero- 
foil.   The flow in this condition can be found fro» the boundary condition 
at the aerofoil surface, vis:- 

ooa n 0   d 9, (3) 

The velocity over the surface ls.(T tu) to the first order, ao that the 
Mflaal forte pv unit. >engtn ^P**.C (where C, the chord • 2) la given 

*»••'.       • *'•" ••':'•   -*: V " 
jynaal force/if V*C  -. 'ffig.^   '   ^   '     YIX* 

Thus the left cowfflolent "ai the' optlM ineldenee OL  la given by 

» fa   ^ \, aln n 0   sin 0 d • 

«• ir/.j. 
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The no-lift WKIc.o^,, 1» given by 

a 0. W 

-gain, by Integration of tho normal  force, the pltohing moment about nld- 
chord at the optlaun incidence e<1  ia riven by 

V half-chord   "    "* z    dx 

vin n 0 ooa 0 ein 0 d 0 

.»r 

Thus the pitching noncrt coefficient about the quarter-chard, «M#h la 
Independent of incirdenex, is riven by 

.. (5) 
U quarter chord   '    -»     *t " • ^ 

•  j    (    £ (coa 2 S - CM 0) 1 «L  .. 

The aolutien above apr'iea to uncoaprcaalV.e flow (•' a 0).    ?or eoapreeelbl* 
flow without rhock, Slauert har shenn mal', preaiure c^aiigea (—eh a« are 

aonaidercd abovu) tc- be increased by a factor 1      .    Thta result* la 
/l  - ? 

the values of L, O, found above    • inr -u'.tiplicd by the sane faote», whilat 
the incidence p£   and g(    renain unehnnred. 

fcvortik»- Rqt  ef-^O. 1911 
J     . !•. •   -!.!;•   t. :- 

-1» Cntw.ory  '.."   jir^t.3-1   liMnit   tmi imum   *»ni lu'ipulUi   fir:. 

}. Dur.ij.i. r.» Air T. rii..i 

km ».    .    . 1   Ct)9t    *H. 

5. 

6. 

it.:« (thr. :.. ) 

I 

•4L 

-it- 
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•PEEK IT 

Thin aerofoil theory - supersonic wed» 

h" 

At supersonic speed» tho simple theory of Ackeret, as eutllnsd . 
by Taylor*, con bo employed. By this theory, the pressure at any point 
of the surface of the thin aerofoil (subject to the condition« detailed l» 

Uef.if) is riven by:- 

iTeanuro a fi v2ß/</ &  - l 

wherejS is the angle which the surface •»*• >• at the T>oint. with lie inlt 
V direction. ?or the Um. «er 'oil Mrtondlng from (rl, Oi to (1, 0) a» 
Appendix I, we have: 

,on upper surface   a     • -(£   + $jL 

initial 
in 

on lowvr sur' 'ice 
--i.cr.tX is t'n<= Incidence, of the 

""»   dx 

Honce the local  3 ift   it the point x is flven by 

t   *    2   64-        (C<-|Y.)    per unit length 

and the "'ift. ooefficieru  "s 
' 1 

"*•:   Jit* t * j$c; ~2 jj 3äL   dx . 
dx 

(«) 

Thus the slope of the lift curve la   A M*    . r.r.a the ang" •• of tero lift la 
yu^-i 

t< »    0. 

Th* moment coefficient about mH-ohord is:- 

1 C1 2     V2 

fc' mid-chord '     "" j fly^.U. ><2-l 
( «<-   '£')« -x 

-4s_    dx . 
dx (7) 

This is independent cfov , I.e.  the mid-chord is the ncrodynnmio centre. 

Equation (7) may >r »ritten in the two alternative forms:- 

°M • »id-chord :J--I -   J,   dx   .    -J        Jj & ain 2 0 I 0. 
dx 
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